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(54) MOS TRANSISTOR AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a MOS transistor which has 
a stable fine gate. 

SOLUTION: This MOS transistor has a gate electrode 1 9 which is 
formed via a gate insulator film 1 7 on a semiconductor substrate 1 
prescribed by a field region, and source and drain regions 31 formed 
within the semiconductor substrate 1. The field region is formed at 
least by lower insulator films 2, 3 and an upper insulator film 4 made 
of a material which enables selective etching with respect to the 
lower insulator films 2, 3. The gate electrode 19 has an elongated 
shape such that the gate length of the top is greater than the gate 
length of the bottom facing a channel region located between the 
source and drain regions 31. The gate electrode 19 also has sidewall 
spacers 16 which contact sidewalls of the gate electrode 19 and 
cover the outer periphery of the channel region. The sidewall 
spacers 16 include the lower insulator films 2, 3 and sidewall 
insulator layers 15, 16a made of a material which enables selective 
etching with respect to the upper insulator film 4. The channel 
region is flat with respect to the source and drain regions 31. 
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[111*3 1 ] 7 1 -)V KRttK .fcoTRfeSftfc*-* 

h«RR**L-cj&K3*ifcy- i-m 

S»E¥»te*«fl K JgR S it v - A / K U -f > IS 

RE? -f K«*«\ 4>ft < t *>T8«»ll t»TB 
tt*RK*t LTR1R J- ?f> S'WffifctmT^R S ft 

RETRJ6RR t RE±RR»Rfc*t LxmiRx- 
ytfmtttttPtX-J&tfL * ft£RRRItR fc J&* 4 4 * 4 

RE*-**JMSWttt» v-VKM vRJAfcftLTH 
l*WTNfc4£i:fc4*«i:1-4MOS hv>v** 0 
[M*«2] ±JfiffeS§IA J , vV =>>®HbH^f>ft 
0 , T*tti»R* , -> 'J ^ >mm b v V 3 >$fbRw 2 

g jg>o> 1 <t & m$& i er«>m o s h 7 > * „ 

3 >KftI4-«It5v «; =i.>flfbRa»fc&4tt*fl l 

[ffi*&4] G) ¥*#**±£iiii::TR«RRi:± 
Sr^JSU ME±*ifelMI-C*oT-f--ir*A' 
RiftR a± K RETR &RR UM 4 H P * iBlS U ( i i ) 
RE±R»«R«>HPRRK* JtRRRRKi* LTR« 
x»f> 4* pj-JIgft ftft* e> ft 4 RRRRR £ Jgfti" 4 

ETR^R*R£LTRE i MMMMS*RW3-'a\ (i 
ii) RRWLfc#-*fraMS±U^-Hfi»R*»lftL, 

(iv)UEr- neitR±-p*oT^ft< t t>frEftB& 

*RO— »*««■*" 4*5 fc^- hRRfciBJSU (v) 
V-VKU-f >«flt*J&j£+4'<§R«±*)±Ji»i 
R*R*LT-9->f K">*-^X^— 9-*ifjai-4ie*: 

[li*J»5] Ig(i) lCi>v*T\ TRteSRt Lt> 
R l RRR t RR 1 RRRUtt L-cMx 7 f - > ^an* 

^ **m* f> ft 4 r 2 mm t 4 r*# 4 er 

com OS h 7 > A * <V$l&1ji£.o 
IW*iJ6l Ig(i) l,zio^X. TVRKRfc Ltv 
•J 3>BMbRfc v'J 3>g1tgt«U ±«RRH 
fc Uv'J a >RftR4r»*i-4R*3l4ER«>M0S 

[R*3 7] IS(ii)KJ3V>T» RP»*£tf±RR 
»R±u-> l ) a >RfbRfc •> V ^ >RfbRfc 
U £ iifcRK i o TRttRNtR tJBJSI- 4R*JI4 E 

[ffi*38] Sfei:, lg(vi)i:i»v»r, y- bWB 
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r- hRRiB* TORRSG/'-'M K^t-JV^^-f 
$tV,>T02 (--"^ tanfl2 =^-v ^^tticitffif 

RBS/->M K^t-^^^-ttOiSSSh) WLtwa 
XAS-CR2 ^v&AfcfH £ tCi «K V-*/K 
H > Ri* 4- ©fiSt-T 4 H*IR 4 ER«>M OS h7>^ 

[%^wi$aBfti5i^] 

[0 0 0 1] 

at«-0>«i&2Fi£Ki»u i »)»»iu(±'>y 3>l s 1 

fflWMOS h7>vA^5.t>*-5-<7)Sait^ffi^Wt4o 
[0 0 0 2] 

[tife*W«#i] e5fciis<7>-> "Ja'/MOS-LSI Ttt, 
jMR'hSfL* \ 7 > V * 9 <n>m?itffa±-1r & 

[0 0 0 3] --ft, MQSY7>y*9<nm&l"<)\>X' 
li N HIHti$^£tLT^& L S I UJt^T, i&frMUM 
ft h 7 Vv^^<7)Itl^ffi|g^nTV>4o •)> id 
■^<0. 3 5-0. 4 ^ mor- hfttO h 7 > v'X^ 5: 
figfflUitLS l7i s K^^tL4±oUfto^tv,^B#^ 

f¥#RR*iiT^4 0 
[0 0 0 4] ±E<Di ; ?ftm*ffift b7>v'X*©K^ 

Uttffl 3 tt4 H7feISffiT*l± ft < , * t" y h 4*ft < , 
-fe|;l±L S I OSST-iifi&ffl^ftTv^ftv^T-kf-A 
R*»R<3WH»9fflRR*fflv*-c*RLTv»4 0 

T, 4-B-f <"lCin=SrSi P a pUafflLT*«?rP J gte1-4i 
t(±ffi*TB»T-*4 0 

[0 0 0 5] t/^, l§14fi6ftJ« : nf«Sl^lliiii-4 7ti<) 

i:WLtli, i!)f^mS^fi:«* s S ! {)*«)ft#ST-fe4o 
o*0, Rfls«E*-*tt1-4C:J:d«-C*iitf, 
<75 1/4^Wfg:®*|ia-t4wt^-t:*^4o t*»L, ii 
f^RE*T»f L S I ORf^aflEjiqi L < STI" 

4 tv> -5^***4 o #8x1*. 1. 5-1. OVcOil 
Et% 3. 3Vfc|B|-0»flFiSRt:a**-e:4it(i, 

ill— r'-^'f >?\s-)V(dl s i Tli^it^t*^pJ^^g^c^fi: 
>$;^^t««fbL, ls 1 (r)miji\in±intz,&mi> s 

[0 0 0 6] ZZX\ attR»ft»t*4««h7>y 
^ ^ RRTTR4««lniUt*lwWe $ ft 4 i t ft < 

Siiii-4^?£* f l*^'bftTV^4o Wlo«MtL 




7 y f LT W v * - > Sraffl ^4 ^tl-^^' 
> *®*t ( V v ^ h T 7 v > 

* it-C v» 5 o « Ii\ i tiDO. 3 

0. Umi-vfV^t^-tia^O. 15,umW 
1MB**-***'- F'O-^^fttiit^tli. 
[0 0 0 7] 4fc, te*E-CW*attfH4:*ia*-*4fc 

KW > S»<0®MA ? '£-ST- & 4 o fife* > V - * / K 1" 
4 >SSOTft*4:BI4fcft»=, •f-**fl'»5K>*l-rtv,* 

$P>H, S0I*K (Silicon On Insu later) 

I0 0 0 8] 4fc* bft«>*S*i: V-X/ KU^f > 
6*Oftiti:*RII , *KtS&'***£ i: Lt\ B2 1 

6i«, i d 9 9 

2),pll43-ll46)o if« H 2 1 (a) \z 

u s«6 liMc^'iv^^ie 3 tmitm6 4 

[0 o o 93 *v»-c\ *'Jy'^>16 3 cTffifetti; 

0 2 1 (b) i:fL/:iT(^ KIW t * 
4»3-*>**?*1-.H fc#'J v'J a >H6 3 £gC{bR6 

i±(5t A,h'xy^:/*-£;h.&v^, ?\*>\<w&6 5t 

44**6 1 v 'J 3 > * <^JIlRit* ? (5 

fcA,fc* 4W.;*!>K:xy-7 L :>'7'£;h.4C:i: t &4o 
[0 0 10] «v»T, 0 2 1 (c) C # 

y v'J a >R 6 3 ROTK^bil 6 4 fc*#tr*« 6 1 -b£ 
BifcHt<fc«**«U CtL?ri7^^'7 * LT* 'J v'J 
3>R6 3aWWftR6 4 0«*U-«M K**-**'* 
— *6 6*?K^i-4o 6 5(±, *M Kv* 

-;U7.^--9"6 6 l-i i9»'h$*i4o SfeK* tf'Jv'J 
3>163, »ftK6 4R0 f *'f K**-**'*— *6 
6 t LTffl^T, h 7 * OHHMLBEwffiiJ 

<fo:t* { tl, V-*/ K W >3?ft£1&?$1~4 - 
i^ii. 4fc» JiM&StrfH -tt-i ^ **6 1 

[0 0 1 1 ] ijfev^T, 121 (d) \Z7HLtzX Ti:> 

am 7±ky- \-mm6 s *?&iau * y ->'j^ 

=.y f Lty- hmiS6 9 fcflMU BWWft»l*7 0 Sr 
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ifclfcU T;i/5E«7 1 £JfMLTV7>v**£5fcl£ 

+ 4 0 
[0 0 12] 

[ISBjWBftL «t ■? ki"4«H] ±EVy^ h T 7 v > 

^JtlC ±5 T x 7 V 73&BL i 1" 4 ^ t t4*S 

fv\ (b)if f->y*«±, X7^>^B#ffl-CftlWi-4 
tWKiWHB-CS 4 v»fci&, x v * > 7WSV»'U V *K 
J;4x yf->^gwSifl145S«'!' f Bffi'C-**^ (c) L 0 

^*<¥1#1ftfl5S(:ioTltjtWPtc4U4 < tm^OlMB 
4 4 9S4 fc*, a««'h«^«±iFSttHl*3«> 

aiwsEtt-c*^ r b > a«B/j^ft»±* § * wh 1 4 4„ 

0. 3 5 fimOlMBfcttLTO. 0 3 ^ mCOli* 
c,o#i±, i o%tll*|-c* | 9l l lFSI£fflrtf *** f > 

l±»«*fi'h»^0. 1 5 ^m<73«Sili§t 4 0. 15^ 
mU*#UT0. 0 3 /im«)»ffeo§l±2 0%k4*)MF* 
IEffl^i&B!ii-4„ 4fc, (d)y- bfceofcMtfO. 1 
~0. 2 //mt^«6T«ffl< ft4 3ti&» Ht«H 
ffiilu* t ii*i-4i:v^W«***4o bS«<7)K^lS 

JStt*«fi''^», fflxJiXoS i 2 ^«r«ffli-4 
/3feA f *)4o t^L, y- h««*W< Lfc»*Uti, 

^gft^SoOi^ 0. 1 //milSOWS i 81/ 

0. l(im^* , J'> , ' :i5 'R^ v,T '* 1 * 0 - 35 
,i mX'Y- bm«*«ftU^*^ H-HJO. 1 «imOfl 
JUttiTU, y-Hftf)ll(SI±0. 15A/mt43 
%4-Clt'h«ns -*»ttli«2. 3§k4:i.ttot 

y ->•; 3 ft 2. 3ffifH+4d2'R* , *4 0 WS i 

R/#V y'J 3 yWk\~£Z>¥- bm®l-*5V>Tlis WS 
i Biw*-l?<-t4Ci:(iBlt4^*6, STSOBS^iSSiO 
ft»tH4fc*i:iiy- 0 . 4/imk 

»2ftt44. ifttS^ISv^T i S i 2 ^-'J^-f K 

tfflv»fc*^, Hi»tlB#'hS < 4 4 fc Jftfcfc 
Jfttjt*'iB*+4ii:* f jaie>ft-CU«J, K*fflv» 
4xb*A J 4 < 44 0 

[0 0 13] itz. V-*/Y\sA >S* 4* 
SHfcv->Tli, (e) h7 > y^^3i?BS;^*S<0— SSH^*ft 
*^*>tttAi-4»*tc»±, :<o^>itA©fcfti: 

iDLT«i6=>* bW*B**(>fcfci-, (f)S0I*«Sr 

0«gSKfflii:ft4kfc<)U, *«<7?D a D g^5l5-> 'J n 
>*«Jcit'<-C*4*^jJ t ^<''i:v^Wfli*«*4o 
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[00 14] SfclC lUlftetllMOS b7>v 
X*iWl&-tZl5&l~&^~Ztt* (g)CM0S5r?g)£t 
4»£-KI±* il?ft<tt. Nv^MHC 

3>R<7)N + *'y ->'J 3>R<7)P+ ffiit, NMO 

S*- + *JMRJ* (NMOS F7>^?Wir*«'BO 

» PMosft^sa, y- bm 

1 ® O 7 * b 'J V 7 7 <r Igtf&K t & <K C 
MOS«SISi:tt^ 7 * b 'J v 7 <f Igtftt 3 
Hilin-r&o PM0SX0 f NM0S«5Pib7> 

"J, y-hfWO. 2 5^111^7^1:11* 
3lk#x^fLrv»4) »:U\ 20W7* b 'J v^77< 
Igfc'iMnU SfeKtfy v'J 3>Rlct 0 
9--z/y-t&tzib<r>'7* b 'J v ^7 7 -f lH#iiira-r 

->y 3>*«3tffia H H' K7 9-JB*^«* 

<STt:J:-2) b7 >VX9^M<nW/^-ti>^ (i)y- bft 

- b t ffittH t * *6»+ * & J?i f * * * » 

h««±i:lt»«±ura«»=T i S i2 
(•y-i; -9->f KJfcWli, y- b***0. 2 5 /i mJ^TTJi 
Jfctfcfi*v»BMtR (-0. 1 /im) fcBTT»LO'4 

Ua^R («A»f, 0. Ion) RU'SHbR («x(f, 
0. i*m) s6 f »**iT--CU i), S«bi:-?-ro±i:, y- 
bffrffifcfl|j£-t4#y 3 ^R (Wilf> 0. 2^ 
m) *K±W«aE#, ii-t^CMO 

S<7>0. 2 /imtltKLrftO. 4 /l mtft2ftt.ft6 

[0 0 15] 

;V K«*H * Tag * ft fc¥#ft**-t K r- b tt» 



j^ii^ei fc 3&» *b <t o , Biji£y-bm@ii> Btiev-x/K 

y- bftJ: 0 UWilwy- bftTMft^ff^fc^ U 

Donley- i-m*©iiiR t ti^^^'i'i 

«W>WS«r*ttU KrfeTJH6ltili:lftSB±'Wft»RK 

** 4 -»M K7*-^"«— 9-t*tTiJ>)» 

WC&4MOS b7>v**7>*tttt$ft4 D 

[0 0 16] Sfc8UW«jft*e>, *»WUJ:n»f» (i) 
**{f^±£iiiKT»^Rfc±»»iRfc *«Mt 

TJ1«*RK£4BHP*JB*U (ii)*rfc±R**R«> 

ftftJI TJ^i't-WH PS 35 l-ff 4 bu ieTl*6# R * Pfc 
iLTHlJE*S^»1fi^Sti5^-ti:> (iii) SIBLfc* 
*#*«±K^*- btt»K*JBJ£U (iv)BuIfiy- biffe 

£tt t «t * ^< § ^> -t^ *** * I** L T * ^ 
K^^-A-X^— «J-*»«i-*X8**OMOS b7> 

v X * <D«a*fe#ffitt ?iU 0 
[0 0 17] 

ill; i -p TM 0 S b 7 > v^. 9 frffM-f-? § 
[0018] 7 4 - ;v K««li, ^4 < t <t> TVIfilWK 

>KftR^ -> y 3 ^aftit<*«)j|i«H, vyavfifbR 
y 3 >*<t«, -> y 3 >BHtR/-> y 3 >a<tR^ 

0 2II, ONOR*w3RR*A**tffeii«o ft* 1 ^ 
i » v y 3 >a^bR/ v y 3 >BMfcRo 2 BR/iiff S b 

oxyf/^ b y^'-t LT+fl-«ffii-4RW-C*f. 
tf J: < , « Alf , •> y 3 >ftftR/"> y 3 ^BMbRW 2 

JfRW*§£-Uli, 5- 5 0 nmgS/5- 3 0 nmSSE 

[0 0 19] ±§*fe#Rt LTIi, TflMft»RkPI*«> 
TH«*RUitLra«Xf v^j^tB 




m&*R=l : 5~l : 30ISti^>iii:> Kfl-S. 
If *R#tt * * L T ff2l£ 3 ft. fc*f# * * o w 

xcr, tj§«» Rj&'v y 3 >sfb^/-> y ^ >Bgftiico 

Riot LTjg^J- ? * > ^#^114 > 'J 3 >»fbR**» 
JU'o C©*fcO±li«*RoRipii, T««liRt 

fctt7-(-* Kffi*fc Lt*»u«ffii-iRi¥-c*ii 

If J: < , fljxlf. 1 0 0 - 3 0 0 n m8SE#»i Lv> 0 

[0020] *$#»«JtT4oT, 7^ - ;v vmm s 

-> 'J 3 vBMfcR* 15-60 ASS^RIf -Cfflv^i £ t 

v»J n > fcotfy-'M K«OJ|UlRXli2 BJSLtOR* 

Mff 5 0- 3 0 0 nmilttlv^CtWi L 
< , sK'J-^'f K^^twli, mm 5 0- 2 0 0 nmgg 
OsK'J v'J a V1H±HRI?5 0- 2 0 0 nmfij£<75T 

to o 2 i) hEffif±> fr*)\smmz)m-rzj& 

fcJ3, y- hW«<0fflS£TKttoTrtWUA»)&ikrtf 
J^K-C* o tU «IS<0±.«O— ft* 1 ***® 1= 

£•9100-300 nm»>:tWi Lv> 0 *fre?)H 
(i, f- + *^ffl«tc*#lB+4JiaEBoy- HfctfO. 0 5 
~0. 3«/m8K, ^OlfflOf-Hf^O. 35- 
0. 4^117*6*', * - hKOS^y- h 

[0 0 2 2 J y- H;S<7?fflMlC(±, MOS Yv's'JX 
»±, 7-f-^K*«lS:flHft-r*T«»liR4ix -ct?TS 

««R±mgja* ft^floaiiftiftw fc a* e> a 4„ fliSMtt 

St Ltli< ±ao±W««Rlc**LTaKJ-f -f-^^ 
*^rH4»»r*ftlf, TW*fi*Ri:Rltt«>i|UiR» 2 

«RXi±3JiR**«ffl-r*- t7> { T-§s 0 ± 
JiiftitR* 1 ^ 'J 3 >»{bR*>**K»** *ft»)iu-> y 3 

>S<fcRO#)iR"CJeiftSilTV»T<> ±vv (19^ 1 
6b#»l.) o L*U TB«»R4:«>jKRJt*#*i-4 
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t , tfeftVii* y- httEOGflfflKKB Lfc-> 'J n >m 
fcv'J 3 >SftRfc^l*lft*ft-"C^*- ****** 

- Y ft&oflN UlE- U T ilUpgp-t 4 £ 1 § 4 
■##«:*«a±«>**W^5 0- 1 5 0 nmga[* f »* 

[0 0 2 3] *|#«WT*oT, 
J&A S it T v» v»1iWM>— » i:l±v-^/Kl/^> 1KK 

l±*'oW * 1 x 1 019- 1 x 1 0 21 cm-3fl 

Koimt-e^tr«li*-e* 4 - t im i L < , L D Dffijt 

[0 0 2 4] *H^^MOS l-7>v'X?OlS*fti; 
Uv>T(is Ig(i) *#^*«±^:iSlcTl 
tti»Rt±Ji«ei»Rt4r^JiE+4o «x.«iHFB«*tR4: 
LTy'J 3 J'ttffcRRlfi/ U 3 >fiIffcR*)R^jft U 
^e>H±«»fiit LTy'J 3 >RftRt3eflE+4o "> 
yn^BtftRli, -^ECVD^XIiMBECV 

fSCVDftXli*EC.VDtt*KJ: ^Mt^CH 5 
T-#4 0 «v»T; ±mft*Rtr*oT-f +*fl/fH*Hifl 
±KT)i«»R»=S4BBP*»)ft+*o HPt?B*+4 

^StLTIi, 7* F 'J V^9 7-fJ IF-x. y f- > ^'Ifl 
^w&*nW7jftlc«t >K ±EBBPU*#lSi-4|JIP**i- 

r , ± IS «*R ^ ^ ^ > 16 * Rl£ 

ti ^ * > jh 7 > t- j: ? > y'-r & -fi&vmi 
i^fjf* ? ->y 3 >^-fb»i<o*^, iss^i/7X7 

UJ:*»ftR^?'f->* r »« (WxJfAMATttK, H 

DP - 5 3 0 0) »CJ: »J CH2 F 2 /C3 Fg /ArS 
3!T^(C i S*5mTor rgfti^fym^ 

0, i*»K±i«Mt«)*«:i ? f v ^ l-c, rmm 

*Rtl4l«P*»lSt4ii:i , -el4o 

[0 0 2 5] Xg(ii)l-*JV^T{i, ±S#fi»R<OgaDlffl 

r±u, iB«»ft*Ji»iaffloiftiiJi*»ja-t4o --t-- 

Ii(i) U*»t4±/H6ltR»c»LraHR 
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*v»-c, mam t **tt j- ? ^ > ^* •> * * +& 
zt\z±*)^ »»Ji«)-»*iap«>«ni±iw«>*aLT 

fillet L T jR««jUi y *>?T%* tf&T** 4 

a, *-/<-iy*->ruj:4**#*Ko* r .*--s>* 

t4«llOKfT, -*fc«j<fcy- l-ftL«rl«8-t-4£ 

4„ TJHfi*R<:BE*i-4**i: t-CJi, K^tt-f^ 
j. ~j y *r*&<r> K7-fi7t> T'ftXiif a. -y hi7f 
>^tt«*«!t»f htiho «iLtf, TJH6»Kt LTvy 

r , v 'J 3 > Sibil i:i?f> ^ ilk 

iNi?f J'/M (WxtfAMATttfSL P-5 0 0 
0) U«fc •) CH3 F/02 / A l -^tf-amt >K EE2) 1 
0 OmTo r ritti7f>7U *v*-C7?»*» 

I0 0 2 6) Ig(iii) K±5V»T, »Bl Lfc^fraiK 

icy- h*&itK*j&j&-t4. y- httttKti* 

»<»«;-*- a fcfcK, tfUif 7 00-10 0 oicsaco 
f&BMb* fiMftt:nKt4:t«JLK y- 

®coRCAi"j --^^oaitngairy >^ist 
h*mfa&m^<oT-m?fa<Dfci&*m\\t &tzt>\-, y- 

H6»K/**ft**»iB^iJv»-c % fiXt 1 
Lfcfc, «x.tfN2 0£2&%-9 0%£frt4*iMt, 

soo-i 000 1\ immm&(r>T--^mm. 

[0 0 2 7] ig(iv)^iiv»T, y- vtmm±i~r- 
vwmmj&-tz° *r, y- ne»it±*^tr#*# 

afe*±£ifiU, 0Oxlf*'J->'.)3>^f>fc4y- hm 
L. *^T£fti«>£tt, Wxif 7 th'jv 

iO. Bfa«)3Btt4r*+4y- h*S*rJB*+4 0 #'J 



v'J «x.tf*EECVDffiXli«EC VDtt^FU 

S: K-tr>^-r4c t#w-2 lv\, ::wy-ni 

Wfl-O/**--^!*, * > hv-->*> AMk-9" 

K^t-JM^-^WlgSWi £#ltLT, Y- hm 
gWfligL s (y- Uglify- hft : 12 1 0#.BB) 

ft) J: t> t^fc < ti>2 (AM-SW) /itt*S<-fft 
(fi <» y- hftL bi •) 2 AMAf«t*fev^4:*«»i 

^y- h*******^*--:^-*- 4i i u 

HJtfifiDUv^±g$feJf Rj&qgAS ixT v>4 fc*, JiSlft 
*f^l^1-4ji*?it7!) f ^^lit**# < 4 4 

Ht*ft5ei-4Ifi-Cli4:^fc*e), «Lv»flUtliR*# 

4*5, y- hmffi*^*-=>* r -r4B»uii, 

[0 0 2 8] Il(v) UiJV^TIi, V-*/KW>« 
*t»JS+4'<#a*±0±Ji«»il«:l»*i-4. i« 
BO±S*«lltl±» «AlfIg(i) lc*5tt4MPff^fiS;co 

^i-yf->^-ei±, y- hs«~n-sefii-4±g*fti§ 

R 4 T- 4> +7>C 4 C t ri«-e ^ 4 v >»^-56» 4, 4 0 -f 
«»*^Ji, «V»THF**ift*4:«ffli-4'>xy 

ift^x-Af >^i:ioT, y- bm^'?^--^^ 
gOT7^ > M'ftjP&ttftlf, y- HSli^->N' 

[0 0 2 9] $^©MOS >y**0>»it^fl;U 

j3^^x(±, ±ie(i) -(v) onoit, se>n, v-^ 
/ k 1^ <( >mmmv>tzib<D 4 * y&xi'ni - 1 *»» 

$ > ff^w v - X/ K U -f >tI«c t 4 4i!tSiS *rJB*i" 
4 i i: T- § 4 <b If, fOK-Xl, iAx^^ 

ttAftS, aA0**Co^f1fJz|H3£#*L4<>«) 
r-li^^o L*L» iiUi^C mm'Jlz&btiZ 

y- vnm<Di&fcifi*-'<-">ri&Di0>i*'&£ii, m 



(7) 
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JLv^fctilf, NMOS Y 7>vX*£ffM+4J* 
£\ ¥- \ f t>*-n'A'<—*i-7X9 t 

LTfflv>T, %WM<D4 i-t\ mi OCSU: 

«fc t K, * i &l±<OA8L. 3 0 - 1 5 0 k e V1S?±A 
x*;i>¥-, 1X1 015-1X1 Ol6 c m-2fl)t(7) K — 

01 ii:fLtJ;Ti:> 02 W-t<o^K, 5 
0 - 2 0 0 k e ViIi±Ai^^^-> 1 x 1 O^- 1 
XI 0 15 c m-%JS<0 -f Ji'i'&Afcfr^ 

iHfiUv PMOS h5>v*^**JKfti- 

^LtiTi:, 'ffl l-Uom 5-40keVgta 
Ax^.;^-, 1 x 1 0 J 5- 1 x 1 0 16 c m- 2 mig.<D K 

t^^@llt3UJ;Ti:;«2K-t^ 10 
- 5 0 k e Vfilt&A-x-*^-, 1 X 1 013- 1 x 1 

*«Jsfi Lv\, ^S<?i tJ±, tan^ =-*M K 

^♦-^/X'*— 9-J»*e>y- b«*J|*-e<7)FU*SG/ 

&&02 tli, tan«2 = Ml l&K 

ij-lfi+4JSlB©y- hSSS*ibii«y- hVttilt 

^^lt-e*-2, 0 J5tJb\ i$£>£A£, 1 x 1 0l5Sri®x* 

< fc£ & 0 3i^»**-&U»±, WftWK-Xt 

a A£ Jg 4- jg£VUffi Ltztfh'i * >r£A"t& C t i 
L^„ * >&Af£ld\ Wlx.lf8 0 0 - 1 0 0 or. 1 

9 0 0- 1 2 0 0^ 1 fj>~ 6 0 fWBJOJfcajfti&Sfcff 

[0 0 3 0] fittOIi. ffl&ffSHttltK 

oTMOS F?x«^?*5feft**4. JfffliffeSilli: L 
TliSiN, S i02 , BSG, BPSG, SOGf 
4\ «ittf#ECVD, ffiCVD, ^X^CVDS 

0 0 - 9 0 0 "CSS, 1 53— 6 0 ^WgSoiMii, X 
lilOOOt, 3 0»WgKO.fta«Ufl.a4:tT-3T ± 

10 0 3 1 ] 4fc. *»9!©MOS h ?>->'X**)«A 

:fr&K*5v>Tli, _tfE(i) -(v) <7>I*I<7>Hl;, tt*U 

h 7^°-, K fcifrK: 4 * 

>&A£LTfc ±v> 0 *#«JUI±, ±EIi(i) <»m- 
'ftvftA^ffT-tW L^„ PMOS M?>5>x 
^<75JH-&(C«±. NMOS h5>y^?Mf«*BTl' 
•/Xl«L, -f--v*^x K v^-4rJgia-f4 

fc*!> (*4 4 P MO S h 9 > ? BOff iOfc*) , 



*»fc*W*iEf*jSfc < 4 <t 9 KftA-f *„ WxlX. 'J 
W*>\ 8 0 - 3 0 0 keVgSoaAi^J^-, 
1 X 1 012- 5 X 1 0l3c m-2^K<^ K-X (1X10 
16- 1 x 1 0 18 c m-3«KO^itt*»gE) t?*4o 
-f * >v±A^i 0, PMOS h 9 

*tt***B5U&A3ft* (H12t, A) o ttzs - 

Axliy 2 5 0-6 0 0 k e VfiKO 

SEA**^**-* 1 x 1 012- 5 X 1 0l3c m-2flg(0 
K- X ( 1 X 1 0 17- 5 X 1 0 18 c m-3gSEo;Ftt»ai 
j£) T\ Sv^x;i/ftAiffctUv> (@12t, C 
RCKEll 3t, D) o £*>K> PMOSF7>y^^?) 

< t < 4 i 0 uaAi-4„ , «t«-f 

2 0-2 0 0 keViKwaAx^Ji'f-, 1 
x 1 012-3X 1 0l3 C m-2gJ$OK-X (3X10" 
-3 X 1 0l8cm-3f|flE«>^tt»aiflf) T-*4 0 EO-f 
*>-&X\z£*) , PMOS h^^v'^^cO-^-v^^ffiJt 
T-{±, •?-ORBiS{cT : *fi ! feH'*>* ? ffiA?n (HI 3 

E) , f-Y-*.^fli*tmo*«l-c»±, ±liffi*ili* { 
Jf^$itTv^7t46tC, *>tfl,ik AskT^mfe 

<» ^IlicIaloaAlcioT, S^4^?lcJ», OtX^A 
i^NIWfctjiALt^Uv'o ffitoji*^ 
t*;HPMOS h7>5?x*t®*i-«»#»ci±, * 
*) >>?- V-V>7t LT, PfflJpWtt'f^vSriJilft 

< 4 Hf±Ai"4 LtUv>„ WiLtf» # 
n>-f^> > 5-2 0 k e VffjS<oaA^^^^-> 2 
- 8 X 1 0l2 c m-2fllt^ K-X (3X1 017-3 X 1 
0 18 c m-3«gE©*Wtt««) T**o -^-f^-^viA 
Hi »K PMOS h v Vv'X^O^-V^^^lJtT-li, £ 
t 5 (C^ffiSH^^l'*>A i aA^ii (Ell 3 4", 
F) , * + *;i>««UW1.a>1H«-Hi, ^^^*>* { (2 
t/vt*^«^*^S15(cfiA$it^</^ i^t^O 

d^l|li^<> ^SclsKO^AHioT, *44S*UB. 
F 2 ^*^*44PflWfttttALTV»Uv. 
10 0 3 2] NMOS h 7 >->'X^co^HI±, PMO 

i*, ft*Wl-7^-«nW (M4NMO 
S b7 >yx^W«5»(tOJti«>) , PSPFttft'f 

(:<4ii l-ftAtS,, W'iLlf* ^ay-fty. 30- 




1 3 0 k e VSSW&Ai* 1 X 1 012- 3 X 

1 Ol3 c m -2gjg^) K-X-c*4 0 i<0^>ftAi:J: 
I), NMO S h v > *<0^*;HfJ*tti5-C-l±, ± 
£ itT v> & fz *> ?&$) A * > tf^m 

tajxIf'-KDV-f^-y, 1 0 0-3 0 0 k e VIS« 
feA^*^-, 1 x 1 012- 5 x 1 0 13 c m-2fiJt<7) 
K-Xt\ j£v>'7x;W±A£1t-3-C M'„ ^ibir, N 
MOS h7>->'^i'<75K<iSJ±?rSW-t'^*U, PI? 
♦Mfc* *>*.Ulift*Rt:^L-C, ftA ir* 
/Uffil*jfi«iCHV»Ti|i*#*«Sffi < £ < * £ ^ tC&A 
1-^o £9x.l4\ **a W*>£5-2 0 k eVgSWit 
Ax*fl,^- N 1 x 1 0 l2 ~ 5 x l 0l3c m-2fIS(0 K 
-Xtfeio ^(O^tvaACit), NMOSh7>v 
x * O f- * * ;l/4$j£T*l4 , (ORffi/f K^WIM * > # 
f±A£ft, f- + *JMW*&tt*3«J*T«i, ±BttJtR4f 

«£ftgBU?±A£ftftv> 0 ftis, Z.i\h<r>4 * >}±Ali 

O x * ;MF - , » * * > «-eff ft 5 14 ft 
<, «»le!<0&A»z.tot\ Hft&&£i::BF2 ^Hft 

[0033] ±ii<n x 7 {zxmti) (n'ik^i-tyizx* 

^v^;vcoJt|j?fiD^v^g (r- hftO. 4-0. 5^ 
mJWT-CUft 1 X 1 0l7 c m-3ja±) 

IS Sr iifiP L 4 • t it If a 3t I* Mtt tSiti«Tl4*o 

* * /HR«i£« £ tfra-^ttttitK t ft 0 , v - * / K 
His Jt < 4oTKt, 

-f >fSi*ifi:^ t <OJ| ft 19 tt£-«*Jf ft U mmmniM'M 
i-*Sb*l±*ikUTL*^o L*U ±IB'f^>aAT- 
14, Ell 2&£fil 3l:f U:iTi:, TAfJMii* 
Si) £ * & - t ft < , jl/ftlftftft U 0*ft£ft£3U* 

tzib<D4 * >£AI4, *>^«i*ifi«-eiiasv»8B^(c 
ftASftitttc, ^JtftiiSt-?- + J: 
"9 tft<t4i t**"C&4fc*» h7>y^^#tti:« 
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G) *\ ^ft< J: o U^fi£1-n(f 

(I124 1 , H) , v-^/Kl"f>«i*T0^1l!*l 
«**Hfcfi«-e*, v-x/KW 
is it * * m u < & - fc § 4 o 
[0 0 3 4] WTe**W»MOS > ? air* 

*»*>»Si 1 

$»MOS hv>vX:5M4, 01 (a) Jlf (b) 
H^Lfcio U, "7 * -A- K«*UJ:oTa3e$*ifcJ|t 

JfRl 7 4r^LT«*S ix^^- Ugl 9 V-X 
/Yl"OW*3 1 fcrt»&ft*o 7-f-^K«i*tt, T 

««R t , ±*J6*il t LT v 'J n >»fbR 4kH ft 

3>SjtH3/->'Jn>'Kfb(S2 t, iiffiSitU 

') =i ymmikifmw^ y 3 >saft« 1 5 1 

34»ibft* 0 ttz, V-x/K>-f>«J*3 1l4, ^ J f^ 

[0 0 3 5] ±EMOS b5 >y^^©«jS^rffi*KfH 
■fio 0 2 (a) izmitzlliZ, ->'Jj>*« 

l±»c, TIKIKMk Lt, »fbffiXl±CVDtfeHJ:*) 
1 0 nmgSrov'J 3 '✓KftK2x CVDSCiOlO 
nmSaEOv'J 3>Sftl3 S f>K±Jitt»g|t L 
T 2 0 0 nm«Jt^>-> 'J 3 >RfcR4 «r«^jft1"* 0 

[0 0 3 6] 7*M;v/77^ao f x ? fy 
/I8i:ii)s i «S^-r ty-'«Srfflv»T % NMOSh?^ 
X * JK^fflit 5 RlF P M 0 S h 7 > vX ^.^ftffitt 6 
tciott^NMO S^-V 7-^®J*5 aSlfPMOSf-'V^ 
;HI*3c6 a tc, -J-ix-Pixft/hilSO. 3 5^m, 0. 4 5 
^mWriPSfitti l^vX h^^->7 (07 (a) 

£tt'f*>i»f>J r STi»f>m:ti:J:i), 
BI2 (b) i:/TLfct^K, #ft*JHW*5a, 6 a 

•?->^'^ffiUi5^T{4, S i 02 /S i Na«5Jt**l 0 
£l±» & it* -> 'J 3 >»ftR 4 0i»f> ^ »=AJ 
^»T^3 0%Ot->'N*-X7-9 L >y--^qf^tLT v "J 
3 >gft§l 3«i?f> ^**'ft 6 n miAT b ft 0 , v 
'J 3>fijbK3* s +7}^7^>y'X h 7A-tUO« 
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*£5 a, 6 acorns, ilgW^^f K?*-*** 

10 0 3 7] &V»T\ H2 (c ) iCfcLfc J: o NM 
OS h?>i>**if3*«l«*B7 UvXh 8£ffMU 
P M 0 S h 7 > v ^ 9 6 tc , NSTOfcttT* -J, 

U W 9*, 4 X 1 0 l2 /c m 2 K-x\ 1 

8 0k eVSS^ilAi^^^-^ £Atf- 

3 >mim 4 Tco > 3 >ms. i atiB#is»c < * t. *> \z 

4 *>&A£*T -sfco -<£>-Y*>V±AliPMOS >7> 

h 7 7°r±AfcftSo ftfcx PMOS 
f - * * 6 a _t-Cli y'ja> |Kf kR 4 £ ft T 

Z.0)&<nH * >liv 'J n >*1g 1 ft 6S Kit A 
Ztiicbkbto fc^r, ffl*&*f-+*ji'fiPMO 

lcfctt£PMOS^ + *>Hf**6 a<7)&Mtt& 
lz, Pffl^iMltt-C**>Kn>"f *>i 0*, 4X1012 
/c m2 igJgW K-X, 7 k e VflJgO&A^M-^- 

«>rt»tcNi!^*ft*t LTOt^-Y * > 1 1 ^ 5 x l 013 
/cm 2 g£<7) K— X, 1 8 0 k e VgSOftAi*^ 

* > 1 Hi , P M O S -r- -v * ^if 6 a J£JW«0®tttc: is 
v»T«±'>V 3>RfbR4 UfeASfti^fc t ft v'J 
n Affile Jill t*/± A Sftftv^ 

[0 0 3 8] l'V* h 8 £1&*U 132 (d) K 

35*LfcJ:$£, PMOS h 5 *JB««i*6 4r«d 
U-^ h 1 2*«JftU NMOS h7>v*X*fMfIttfc 

5 *'n>^t>13Hxi 012/ c m 2 -ggo p 
-X, 6 5 k e VSlOttA.i^A'^-f, r±At'-^ 

'J 3 >&ftR4 TOv 'J 3 >S« 1 SEffiftiSK < * 
±7lz-< *y&XZft-o?Zo -04 *>7±A(iNMOS 

MOSf MlttS 5 a ±T-li v V 3 >gtffcR 4 
£ftT^££i6, ^OfW-ft^liv'Jn^iSl ft ffls 
lc&A£ft&c: k t ft£ 0 3£v>T, flf t*;HNM 
OS h?>v***OHH*E*««l1-5fcafc, v'J3 
1 tzii»t4NM0 S^-V *;^*5 a W^tSttfi 
fc x sKn>>f 5X 1 0l 2 /cm 2 S0E«5 K- 

X, 7 k e VgftWftAi*"^^-, Slfixi 013/ 
cm2 itiOK-X, 3 0 k e VgBEO&A-x*;!^- 
t^^ftALfco :«KM'DH*>l3li, NM 
O S * * 5 a Ja^lIl&Kfc^Tliv 'J r; >@g 
•ftM4 K&A2 ft£ :it4:i), v 'J 3 i coJcM 

iciiii^ki&ASftft^o 

10 0 3 9] *©ffe, 113 (e) K5j?LfcJ:-}K, HfjD 

K 1 0 nmiKOil^'Ja^tfbil 5 

S^K, B3 (f) C^L/iiil:, 120nmflg(7) 
•✓'Ja^iftRtiffiCVDtt T Jftffi U w ft * Rfctt 



u v 'j 3 >mm4 oiDffltii:o*v 'j 3 ^pgfb 

Rl 6 a^^-to -<7)Bt*T% nnK»TO->y 3>» 
itm 1 6 a <£>HWliift ] 0 0 n m fc ft o /.:„ 

1 0 0 4 0] ? * *;Hf*S 5a, 6a ±fc#ft 
U v 'J 3 >«ffcR 1 6 a l;W*?ftT^ftv> -> 'J =j >g 

ftRi 5*Kfcit-( *> r&izx ^ 

* LT v U 3 >SMkR 1 5 k v »J 3 >®HtH 1 6atA> 
$> fe&fflttfett R*»*+4 k t <> tc, aitT -> 'J 3 > 

MfbR3 Sri7-^>^^*i-*o -fttctf), ^P^® 

ftfcv 'J 3 l tftSHgUft L, 7 7 ^TKftlRr* 
B □ « » »c #ft "t * a > ttf tR 2 * ^ u» f - > ^ Bf * 

WttftUiot, H3 (g) KfLfci^t, 

[0 0 4 1] ^v>T% S3 (h) iZTTsLtzS.*)^ mm 

2 0 0 nmtSO#'Jy , j3>'l 8 *£*n«Dj&IEC V D 
fil^^tv 3 >«*S i ±^rffiicHI« u NS^M 
tltLT'J>S-l-2xl 020/ cm 3 ggE«5»KT& 

(i) n^L/jJ;du> K^-r + ^^yf-v^feic-c 
#';->>j3>Rl 8*^*-->* r L, BBPt^UlI 

SDiHO. 1 ^mKSOJtv^O. 4 5 ^ mtl^N 
MOS^^-^J-y-Hil 9X^0. 5 5A/mipi 
OPMOS 0«r»fti-4o ft 

y-hmSl9. 2 0O^*->li, •f- + ^.;v/^5 

a, 6a o^fijn, t\-mmt<7>mffi%> 1 9 a , 20a 

B#l-tfML7t*>0 (El 7 (b) #BB) «rffiffli-a 0 
[0 0 4 2] ik^r% H4 ( j ) iZTfittzt n \z, 7* 
Y WiTy 7 4 Rlfx- -y^> VJCmiZ i»)NMOS Yy 
> V* 9 ^iftfflJA 5 RV P M 0 S Y 7 > V * 9 l&f&ffiW 
6F*3lcraPSR2 1 a Sr^-fi UvX h 2 1 (08 (c) 
*®lfti-4o £ftfcWP»2 1 a li, NMOS b 
7 >v^^®«;ffl^5^Jgfi6;?ft&*-g- (NMOS h 7 
>->7^v-VKM ^ffiitkftaJt-g-) icii, 

^;v®«5 a <OJi5SB£r*)&LT(ift "bft</» 0 $7t:, P 
MOS Yy >'/'?• fimi&mi$L6lzrf1&2iiZ>W,& (3> 

h^@2 0 fcJtftoTlift <bftv» 0 CCOUvX h 2 1 4- 

<tRMP»2 2 tJgflti-io -<7)^> •> , J3>BUftR4 

[0043] i^'T, i4 (k) \zmLtzX 1 
X h 2 1 *»Lfc4i, HF*»iS»:J:4->«J 3>»fb 
R4^7-? L >'^ttfftv\ r- hmffi 1 9TC«ffta 



? 4 * > v ■rtitftcrttiixY- hms 1 9 m-> 

itm 15ff)HIi:ii*tHU;*-A-^> ^®tt t ft 
4o £<bU, Uv** h 2 1 tTX? t LTffl^t, fttgg 
4X10l5/cm2 Sg«K-X, 9 0ke 
VOttAx?'^-, |fe*5Sffi<73ji^l^U^LT3 5 

tz 0 £AI±9 OS^f .x7"T-4lH]H»ltTtT^o^ 0 ft 

ifc£>JBSK-liy- hill 9 y#<o*i*-> 
-ftt-Wft^lg^O. Urat^O, -fft^ft^Jt^-w* 

(O^--/-t-^N>^l:* f 0. 1 5,/mfcfc£„ S/j, y- 

6\ l±J*T«>Wf&£ •) 3 4. 3gfcft&o 
[0 0 4 4 ] t aiifij = 0. 15/0. 22 

114 (1) K^LfcJ:-5K, u->**h2i£5* 
Ltti, 3l£lrc£ttt3S-f ix]0l3/ cm 2 
gflE*> K-x\ 1 5 0 k e V?I]g<0&Ai*;U*--. £ 
«St®c9fttS?7|S]K*fLT6 0° HKW&Aftffi-tM * 
>ftAU iSiSS^itt^riAe 2 6?rMt4 0 &Ali 
9 OS^f --yf-QA EllC^ttrtf fto£ 0 -K^O-f * 
W±AI±, 75 -C J« > 3t7t$SPfl<7)U>X-?'-f 
f-v a ><7>Ml".t oTy- YWM\ 9 + 

«> , ntss-r * 'J ^ >m.im 1 5 &t/-> u 3 >aft 

^I^Mt-fc^Ct^MtLK 
>-rn<oft^ii^0. l^mT-abi?, -fii7!>*ft^i*-£<7) 

0. 22^m, 4*>V)&X&2 <£>i££0. 0 3 ^ m 
t1-^> &ASS02 liBlTOMfliJ: >9 4 5. OSt 
ft£o 

[0 0 4 5] tan«2 = (0. 1 +0. 1 +0. 05) / (0. 
22+0.03) =0.25/0.25 

M5 (m) izmttziiiiz, H4 (j) S.t>*H8 
(c) l-^L/iWtR#lc, PMOS h7>->'^^M 

fif tt 6 & v n m o s h 7 v x * jg£gwt 5 n (= nns 

2 7a i^-t&Vi?* h 2 7 (El 8 (d) #{??.) £ffM 
1-&o -il<^MPa52 7 a li, PMOSh7>y^^| 

-X - W -i > b. ft •&*#-§■) Kli, f- + ^;^ia6 a<0 
5gg|Sfcrt&LTI±ftt>ft^ 0 NMOSh7>v^ 
*^JS«J*5KlMfc*ft4»£- ( = hfiWcift* 
*§£•) U»±, ft^^ltSa^y-HIl 9tfift 
oT 12 ^(7)U->*X h 2 7 £vx? t Ltv'J 
3>»fbBt4*xy*;/$r|fc£U gKbUMPSB 2 8 £ 
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[ 0 0 4 6] Svt, 15 (n) \zmLtzi.*>\Z* P>* 
i4x 7 f /^^ffi'^, y-HI2 0Ti:a#t5 - 

-> >j ^ >mim At^yT's ymz-t * 0 z mz s. *) r 
y 4 h-riiA'&itiitfy- hms2 o^->'j ^ >g 
im 1 5 w w-fl \z ii * ai l tz ■* - > <- -» n >- t * 

£o Uv* b 2 7 £-7* ? t Ltlv>T, **n 

>J*>i, 4X10Vcm2 iS^K-X, 15k 
eVWSAx^jl/f-, »«S®OftS&7j|6]t::ttLT3 
5° WfiA^ST-l'^vaAL, -•KP>^A12 9tf 
f&Ltz 0 ftAli 9 OS^f 7 "/T 4 ElcfrltTfr 

fc 0 -I'-fii.a'e&fc**, o. 

0 5-0. 1 /. mgg<OtIJt* f P+ WttCSdbft^Ct 

©JSifcKiaWEPrFliO. 1 VSgt/J^? < n->*7 ^ 
»f^-C tt * * & MB It ft 
[0 0 4 71 ^>t\ i5 (o) l>Z7^Ltzioiz, W 
* Y 2 7 *JSLfct ?l§Jx#**D>^^>t, 8X 

1 0l3/cm2 §I«) K-X x 2 5 k e Vfl*W7±A^ 

*«SEffiOtt*^T|fi)UWLT6 0° SSOtt 
AMT"f*>aAL> <&iSS<73**u >ifeA^3 0 £U 
^i-^»o ?±AI±9 OS^T- y -/-TMIaHcfrltTtT&o 

[0 0 4 8] SfeU, 0 6 (p) iZTfittzi-olz, 8 5 

N+ V-X/ KU-f >p!Jj£3 1 S.O f P+ v-VKW-f 
>IM3 2 4-IIU T^XTCVDftCTJIIUW&JiR 
3 3 *3KftLfc„ ft^l^, 0 6 (q) IZ^Ltzi. o {C, 

^SE^3 4 fcj&S-j-*. 

[0 0 4 9] W±WIg^^T, y- hft^O. 15/i 
m (HS&y-HftttO. lxm) ONMOSF5>^ 
^awy-nt**o. 2 /i m (^5sby- b ft^ 0 . 1* 
m) OPMOSh7>v^^ML/; 0 

[0 0 5 0] Jtawi'^i:, ***o«fitufcv»r»i, 

fflv»*itft< h7>v^^|Stl/: 0 y- 
SrflUai- * *° 'J •> >J 3 > VttMii 0 . 4 5 * mT-* •) » 
^*XgTlffiK-r-5,%^<7)0. 1 5^mtJtRLT3« 
^KMf^.^*, r- httBoffiifcii l / 3 t ft 
* 0 *^ifew^.T-iiiHi$ij©»c£.sftjticfi<)i[ 

JS<7)Sv^ (-1X1 0l8/cm3) *)\,ffi&i)<l-->r 
^^i*T»r<0*tr^$ ii, V-X/KU-r >^i*t 
ft4*KrojEMliftJ±lt«!»(B:V^ (lxi 0l6- l X l 
0 l7 /cm3) / jS 'j > y-x-Klz-f^iSfflCtt)!' 
1/3*191/1 0 iz±$%izi8.ffi2ftfz 0 wfililsIKO 



v 5 7 -f ist* c m o s m&im% \~ w*ft s *it <s> „ 

[0 0 5 1 ] £ fete, h 7 > vx*T-{iy- b 

tsLocos SMbK>< * - >jk«*k y- h «fc/< * 

& & o 

[0 0 5 2] It jfcojgjg 2 

[oo53] ^t, §2 (a) air (b) v^mtwm 

KNMOS Yyyitxtfcf&ffii&bRU'PMOS Vv> 

0 3 (e) Ktf L/c i Tic, v';n>g 
-fbflgl 5 S^ML/^*,, 0 3 (f) U^L/ciTtCv 
V = >l*ftllll 6 a o 
[0 0 5 4] ^v>T, i2 (c) (d) KjpLfcJ: 
PMOS Y?>VX*Mf&.mtiL6lz. T^mio-i* 
>*iiAU NMOS h^Vv'x^fifclgf&S 

5 XtTv 'J 3 1 6 a jj»f> 4- ^fllttiKltJIT-O v 

■J^^SU^lCli, * A £ ft fcWc*I>, h 

tub. i'^>r±A<7) K-XS-^ifew^i iztt^x&t 

9 Sr. 4 X 1 0l2/cm2 gJtco K-X, 1 8 0 k e V 

4 t<o-> 3 >mm l flttfii: < & t -7 -1" * >-&\ 
ScV»t, a«i>ii^-J-^^;i-SPMOS h 9 > ■>* 

tt£PMOS-?--v* 6 a OStffiffjfit::, P SWtt 
ftt*)i*'D>"f^ l 0 4. 4X10l2/cm2 
flJgOK-X, 7 k e VfitOftAx^K-TA^V 
*-y±A-t-*fc Hi:, *'o i o ± •? 

NS^IMfct LTBtJf'f 1 1*6X1 0l3/ cm 2 
*1JK<75 K-X, 1 8 0 k e VgJKW&Ax 
ALfc (El 2 (c) #.BB) e 

[0 0 5 5] NMOS l-7>yX^IMIit5 

**D>^>13S-4X1 012/ c m 2 ggo (,-- 
X, 6 5k eViSOftAx^/bf-l:, 7±A 
v >; 3 vBMbR 4 TO'/ 'J 3 1 SlffiftifiH < 4 «fc 

-5 (C'f * >?±a=Mtv\ j^r, f?ffif--v *;vg2NM0 

s h7 >->*^^or4ttmE4-»-r*^fec, 
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Pfi*IMfe-C*4**o W*>*, 6xi0l2/ c 
m2 gjgw K-X, 7 k e VgltWyjEA-x * A^- , £ 
l/l. 2X 1 0l3/cm2 g0EOK-X, 3 0 k e Vg 
JtwaA^T-^-F-TM t^ftALit (112 (d) # 

P.P.) o 

[0 0 5 6] -£-<7)f£, H3 («) -H6 (q) KtkL£ 
OkiqaUcMOS h 7>v^^*ffM-r-S 0 

[0057] mmmm 3 

*ll)Sfe<Off^lci5VTIi, PMOS h7>vX^=Sr 
[0 0 5 8] 4f\ Ell 4 (a) Iz^LtzX n tc, Hife 

oj^isi traaiu, ><) 3 >*«i±tis^ftBi2. ->■; 

3 VflftR 3 ftlT-> 'J 3 >mm4 «r«^»jft+4 0 i>c 

^T, 01 4 (b) H/^L/ci^U, HJfeO^l tRI 
ttfc, NMOS h^^y^^MfUISS^PMOS h 
7 > v x ^ ^ETSi* 6 <73 -7- -v * ;i/ffl$ ti^NMOSf 
*>u«i*5 a^y-'PMOSf-^^^^e a ir, ^a-T 
iiflt/htSO. 3 5 A <mt'i4«tdi;->'j3>|^fbBi4lc 

F?BP4-7^fiS;i-4o SIft7-;HPMOS ^7>'vx^' 
Sb***WW ? iii tztt>, PMOS >-y* f <Oft/Jsy 

[0 0 5 9] 114 (c) KSj?LJt.toK, N 

MOS h9>^^*3gjaaH*S:lB^ UvU h 8 
L, PMOS h7>y'X^Mftt6t:, Ni^ttftT 
*)-?)'J *>9?-, 4X1 012/ cm 2 if© 
X, 1 8 0 k e V*IJt<D&A-M^i'**-T\ SAt:'-^ 
n >gHbBl4 TW> U 3 1 RTHttiEK < -& 

«t-5^-<*>aAt1fo^o Jiv^T, iff t^^IP 

mos i- v y V7.*<nmfem±*%m-t'hiz$>\z^ vu 

3>*^1 UiMt4 PMO S-7--V*;l'fRJ&6 a<D^M# 
dfiic, NlWHi LTfilt^^^V 1 1*6X1 012/ 
c m2 mg.<D K-X. 3 0 k e VlJOftAi|-/l"F- 
T% 1 X 1 013/ cm 2 gjgco y— 

1 X 1 0l3/c m2 gJ^O K-X, 1 8 0 k e VgJSO 

[0 0 6 0] V-vX h 8 *I^*L, EB 1 4 (d) 

i:^LtJ:9i:, ^ife<7)^.l^ 1 t Rlf CPMOS 
-✓^*»«»i«6 \"V7, M 2 NMO 
S h 9 >yX^MSa5i:, *'oy^yl 3 * 4 x 
1 0l2/cm2 gfOK-X, 6 5 k e VflgO&A-i. 
* ;i^-T\ v±A t'- ^ U n >$HbH 4 Toy V => 
>«lfflii5i:<SJ:ii:^^A^ofc 0 M 

*W#Pi-4fc*»c, y'J^IS] i;U»t4NM0Sf- 

+ * ^fll* 5 a <OUmr-&\z. P H^ifififeT-* 4*'n> 




-f*>£. 5 x l 0l2/cm2 flgo K-x\ 7keV 
gJSOftA^*^^-, &J>*1 X 1 013/ cm 2 jg^(7) 
K-X, 3 0k e VfUtWitA-L^^+'-T-'f + 

[0 0 6 1 ] 115 (e) t^Lfci -? K, H 

M<7)ff^ 1 fc HSUc* v 'J a >S1£ 1 ltii:-> 'J3> 
fifbRl 5fcittf*-f* 0 GB1 5 (f) iZTFttz 

li±C«A> <J n >BJHb« 1 6 a *«+ 0 *K» 
^^MM 5 a s 6 a ±tlffft U v 'J a >$fbflt 1 6 a 
USfciiTv^fcv* v >J n vg-fklg l 5 £K£ivl4-f * >x 
•>^>^?S^r^.y^>m*LTv>j3>^k:8gi 5 
t'/'Ja >Kfl:BI 1 6at*t &ftfltttel»R*I£j£-r 
ittti:, «ttr->«j 3>flftR3 

[oo6 2] en 5 (g) izmitziiiz. r-hMt 

m2 7 iM&Ltzo *(r>\&, N 2 O^ffl^tK 8 0 0 - 

1 0 0 0*0, 5#~- \m%mi%L<DT--)vift>i z.t\z 

ioT, r- httf»JR2 7^- Mfeftfl(2 7/vU 3 

(OISTPMO S h5 >->';**(oy- Mfiii*-D >£• 
*£»Ufc#y vU3>-P3B*i-4fc*, y- M£JfR2 

[!Sfil£JEEW^Ijj£r3|§j£c££v->j;-} iz~t i>tznbX$, 
[0 0 6 3] EH 5 (h) IZTFLtzl^iZ, 

>»si -t£MniSfrt£ 0 .rwB&t, y- mffiw/M* 

>y±AB#U|B]R#tcff ^ # y -> y a > i 8 Jgff & k 
^MMfcifciifT^fc^o SEv>t\ fyfewjgSl l £ (§]$ 

01 6 ( i ) \zm Ltz X t U, jjf 'J v 'J 3 >Wk l 8 
Sr;-?*-.^ V^'U NMOS h7>y^*y-hfi3 
9S[>*PMOS h7>*JZ9y- M|®4 0 

o 

[0 0 6 4] ^v>T\ 7 * Y 'J V 7 -f SLTx •;/ -f > 
^TSCJ: tJNMOS h 9 > ^fiStHiSSSU-'PM 
OS h7>-^^»jSffl*6rtKHP»4 la, 4 1b 

i^i-tZ Uv* Y 4 1 (El 5 (a) #fiS) =tfM1" 
i> 0 Ztlbfflf3&4 1 a (i, NMOS >~>'XfiM& 
■ffli^5 K?&fi5<;£:h.-Ci/>.i>dfe§-g- (NMOS l-7>->'^^0 

(Dffi&ift&LX&b-r, PMOSI-7>y^i'IiI 

v^o IfflPSM 1 bli, PMOS h7>->'**ffM 

ffl®. 6 i:M?ft.to> (PMO S h 5 >->7^ 
• Kl"f \Z\±. fir**g«6a 

©SM!J*rtSLTiife1\ NMOS l-7>yX^Mi 
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l±, *- + *Juaii*5 a * y- hmg3 9 tiioti'i 
i/>c COl'v'x h 4 1 ? t Ltv'J n >^bR4 
*i?f->*lfc*u mtMmnm* 2 iT&tiL-fh* Z\ 
ixizi *)TU * > hi*ft**4 ttiUfy- Mg&3 9 A* 
v'J a >gjbRl 5 (DnmiZlifriiiLtz* ~'*-^> r 

[0 0 6 5] «^T, Ell 6 (k) I^L/ciil^ 7 
* h U v ^ 7 7 a^x y f > ^ISi: i ») NMO S h 
7 ^vX^IlIiiSftt/PMOS h7>v**?MI 
it6<0— g|5l-MP5r^r-t^UvX h;^->4 3 

(118 (b) #fiS) 0 z<Dls~Jx \-^f>->A 3 
=frffl^^T, mMi^yks 4X1 015/ c m 2 fijgtf) K 
-X, 9 0 k e VW^Ax^^-, 

14 4 iMf&LtZo 
[0 0 6 6] ^^-C, 111 6 ( 1 ) UtfL u 
v^h4 3*»Lfc**, SISttiaSE'f IX 

1 0l3/c m2 SJKW K-X s 1 5 0 k e VgJgWjiX 
i*^-, a«S®Wft||^|p]U3tLT 6 0° SgO 
tAMt^^^jiAL, iSS««0?H;^aAS 4 5 ifc 
(Sc-t-So -?"W^> l^v^. Y^9->A 3 £Rfc£U HI 
7 (m) IZTfiLtzi-n 7 * h 'J V ^7 7 -f 
f>/ISi:J: PMOS h 9 > v*^. ?^fiEffii£6 Sf>* 
NMO S h 7>i?*9Mmm5<?>-iMzffln>t%-tZ> 
VitT, 4 6 ifc&L-th (II 8 (c) # 

flp.) o z\<DUV^Y^9 -> 4 &iM^X^ **oW* 
4 X 1 OVc m2 flJjto K-X x 15keV« 
aAi^**-, »«SM<0ffi^|fi]li^UT3 5° <0 
i±AftST-f^>ttAL, *'D>SA|4 7 ^JgfigL 

[0 0 6 7] >k^X\ Ml 7 (n) IC^Lfciii:, U 
v'x h 4 6 =Sr^L/:iS, 31 **n W * 8 
X 1 0^3/c m2 flaw K-X, 2 5 k e VggE<oaA 
x^;P+"-, »«S®WzS^|6](C^tT6 0° gjg<7) 
ftAft]|t'f^>?±AL> 16SJtW**o>aAff 4 8£ 
fm-th 0 2h\z, m \ 7 (o) U^L/riolc, HiSfe 

+ Kb'f >W*4 9Si>'P+ V-x/KK> 

fi*5 0*iat4tktU, NMOS h7>vX^<7) 
y- hmst LTNSJIU K-tV >^$^/-N+ y- h 
«®3 9S[>'PMO S b7>v'X^^»y- hS^t LT 

pjaK K-tf>^sft^p* y- hms4 o*jbisl 

[0 0 6 8] ***ifto»SRii, «ffti:t*ff)fiif 
^ iitM 0 S h 7 > ->'^ * 4- |B)ttT-* A« % s G> 
PMOS h7>v^^<7)y- hft^O. 1 5*im£f8/h 

K7-f ■7"«at* t ak#s<i4t*e x pmosw 
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J*, P-^xiUBi*, N+HJst P+HHt n 

h * *)W^->o9|5|oi; v/77 

4„ 

[0 0 6 9] ItJfeOJgSM 

[00701 oil}, i -rmmmm 3 on 1 4 ( a ) 

-017 (0) tW#KLDD«i6**+4N+ V-X 
/ Fl/'f >&t&4 9 S^P* V-^/KU-f >^«5 0 
£JFML£ 0 

[0 0 7 1 ] &v>T-, II 9 (a) (Cf; L £ IC, V 
-X/ Kl"f >ffil*4 9S.O-*5 0±, o*»j»^bitBP 
SB 4 2 rt 3 >aft* 3 *• K?-fx?f> 

LTa*yt*»*sv»*#*afflL» y-Ftf3 9, 4 

fcv»J 3>g?ftK2 ^i7f>^U ->»; 3>fttSl O 
[0 0 7 2] «viT\ ->';3>*«l±^®t, X/l>j 
^"l 3 , 6 0 0 - 7 0 0 "COiSKiEBT- 1 o 6 0 

-t^f ^ > £-7§ft?-f-4 C: 2: J; ») , Hi 9 (b) IZtfL 
Tti^c, v';3>± s o* tjy- h«fl|3 9, 4 OS 
Cv-V KM >«ittl4 9, 5 0±i:o*f?>->v 
■9-^ K»5 1 «rMt*o &l*0>Ifi«ifEjfc©J|£S!3 t 

[0 0 7 3] *HJfe<75^T"li, y- l< y-fr-r 
< 4t9t»*, ffi^ f if±1-4C ftT^ 4:6*, 

/ K l' > *i* <> H » v^iftJt R t a jt -c v» 4 o * 

[0 0 7 4 ] 3?ifeOJgfi5 
Srt^i&OJgSN tS&4&#k tfdilifeOJI2.fi 4 tie] 
[0 0 7 5] o i "9 , *i**j(t03gsa 3 OH 1 4 ( a ) 

-Eii 6 (j) trattiry- hms3 9, 4o*»iatL 



[0 0 7 6] -*v»T, 0 2 0 (a) H jj* L fc J: -5 K, v 

-> 'j 3 >®fkBi 2ti7f>^u -> 3 >^is 
i o^ffi*nm-t4o 

[0 0 7 7] -toft, *>'j3>at«i±^iiiK, ^ifeo 

± *) - 0 2 0 ( b ). US* Lfc J: d y- h 3 9 , 
4 0Ry ! V-X/KV^^J44 9, 5 0±IZO«^^^ 
Vv'J-'M Kg 5 1 *-®ft-t* 0 WteOISIiUJfcOJB 
JB30H16 (k) -017 (n) fcHttUfifvv 01 
9 (b) i:f LtMOS h^^v'^J-S-Mtl,, 
[0 0 7 8] 

y- hm@ojf^#, f- + *^iS*uwffii-*i6iBoy 
- Hi tfniffloy- hft* f s< , y-h^no 
4 1 1 * + ^^^So^i-Ji 

-f K7 *-**^--9-a»Jgjft3:h.TV>4fca, jgjftie 
T-&4 7 * h >J V }T7 7 ftflfdMlft $ tli i t 4: < , 

»4£ k**T*4 0 oil), t36**e»fflv»c,^Tv>« 
0. 3 5-0. 4 /«mO|MSnlfe*-Srfflv\ «jgig 

^4-#4Ct5i f T-#, V-7/KU-f 

-X/ K L"f >^tOW(ci5lt4-t'f YV*-)VZs< 

±§a?-iiJD$-li-4wt^<, fimiET-Oi^i4ijj^5r|| 
311-4 £ fcrt { T§4 0 
[0 0 7 9] *%B^OM0S h?>i?X9vgij& 

ft^**iat-4ii:**r*4M0S h ^'si?** 
tiit^Tli, oil), ^iSlS+lcfcv^x, ^ 

fcft, **ff*«*ffi0^j«-5;*r|SSj|:-t-4i t*»T* 
4 0 i£, hR*»3e-f47* F'jyy?7^1i 

>aiS<0|J#**(t4Ct3» t 4<» L*<>SJ»*0!*v» 

W4±T-r- h &.m&<r>tz»b<r>7 * y v ^7 7 xs 
fcfr t^H^v/j^, y- h«So{a;iffl/'^->ojB 

7-f IgKJ: "jRjgSftJtr- Ht*, ^-O^tCjf^i- 
iWIROlWlUD, *^U«»UfHEi-4C t7> f -C 
^ «t "J*36Lfc»«4y- hKOSUfJUS-fH-It^T 
#4„ S/c, ^+^^*ftS-, V-V^OSiW 
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IM* 3 < Wis. art MOS t-7>->* 

[HI] ^HBJOMOS Y7>VA*ff>—$0&ttim-t 

(a) $Pfc«WH0, (b) mD§Jffiif®ET-*^ 0 

[0 2] Mi <T>M OS h y > 'J ^^(om^umi: fpi-U 

[|H 3] IKOMOS h "7 >vX^o82ftI84-^i-fit 

[0 4] 01 CDMO S h 7 ^v^^WKiilSir^i-ffilt 

[0 5] 11WMOS h 7 >*>*^*^>KitIg«:^+« 

[0 6] 01COMOS > 7 >->*X^«D|?jiXSt^-t-«[ 

[0 7] @iroMOS^7>v*X^ <OS5>iiIfi-Ci£ffl1- 

[El 8] H 1 coMO S h 7 >v***OSiIIgTffiJH1- 

1-**lBfiiiH-c**o 

[010] iKOMOS Y7 (DWl&JLmztetf 

41" * >aA<7)r±AA)g^ift^i-^^i6<7)0-c£b^o 
[0 11] 01CDMOS h7 >-y'X9<7)Wl&J:mz£Uf 

[01 2] 01 CDMOS h5>->*^*U4itt*y-^/ 

[01 3] 01 COM OS hv^-z^Hislt&^i'*^ 
Tilt^ *>*tt*»£»Jfr * RWt -& £ * W0 * o 
[014] ^H^CDMO S h 7 >vX^C0glj£0S?iiifl 

[015] *»WOMOS h7>y^*ogUO*itie 
[01 6] *»W©MOS h7>-y**fl5SU«8flp:fi 



[01 7] $i§^wmo s h 7 > v*. * (Dsiivm&xm 
* Tji-tw&m m m r- & & o 

[018] gljOMOS h 7 Otitis T^ffl-f 

[019] #3£<E?>MOS h 7 <D£ "bicgljwi? 

[0 2 0] *»WOMOS h9>-^^og||o|!iSig 

£ fj-f$EE£gf lit * 4 0 

[02 1] &5fcCDMOS h 7 >V**C7>$S!jiI;g£7F-t 

1 ->'j3>if 

2 ->U 3>HHfcR (TBttftlR) 

3 v'J^gftl (TS&JtR) 

4 ">'j3>Hti (JbSffilKR) 

5 NMOS Y 7 

5 a NMOS*--* 

6 PMOS h 7 >-Jx?MmMi& 
6 a PMOS^+^MBHt 

7, 8, 12, 2 1, 27, 41, 43, 46 VVX 
h 

9 'J > 4 * y 

10,13,14 tfuyj t> 

i i m.m^^r> 

15 y'ja>ttftl (MSKKJI) 

i6a -> y n >mtm asattmm) 

1 6 b wmmmm 

17,37 y- Mftjfgt 

1 8 *• >J v 'J 3 > 

19.39 NMOSr- >m«s 

20.40 PMosr- vmm. 

2 2, 2 8, 4 2 KfbRHnffi 

25, 26, 44, 45 

29, 30, 47, 48 

3 1 , 3 2, 4 9 5 0 V-*/ KW >ffi£ 

3 3 mmmmm 

3 4 Pt ? 

5 1 K 
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